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Association of Methemoglobinemia and Intravenous 
Nitroglycerin Administration 

KB^RY J. KAPU^, MD, MARK TABER. MD. J. RUSSELL TEAGARDEN RPh 
MICHELH PARKER. RN. MS. and RICHARD DAVISON. MD 



Significant elevation of arterial methemoglobin 
evels has iieen reported with Ifie administration of 

M^^}!:"-^'!^':^!^'^'' <^S>- To determine 
» Incidence and clinical significance of thla elde 
Meet of I.V. mQ, serial arterial methemoglobin 
levete were determined In 50 consecutive patients 

r?!S?? f*^® *8 'onoer. The mean 

ty. NTG Inhislon rate was 290 ± 13 ^g/mln (4.1 ± 
0.Z /<9^<^/rnln) and the mean duration of Infusion 

'^Y^ ""^ ""0"" «"e«homogtobln, level 
r the 141 samples was 1.57 ± 0.08 % , which dlf- 

a?2 V"?? *i^5?"*'**' "a'uo in our laboratory 
£il ± 0 01%. AHhough no patient had clinical 
IBymptoms from methemoglobin. 20 patients had 



ucaUy significant methemoglobinemia during the 
WjOnumstratipn of organic nitrates, including intrave- 
nitroglycerin (NTG), has been reported re- 
jg^tly.i-^ This oxidized (ferric) form of hemoglobin 
not bmd or release oxygen and causes a leftward 
fc m the oxyhemoglobin dissociation curve^-^ We 
lertook a prospective study to determine the fre- 
^cy and clinical significance of methemoglobinemia 
fjAbents treated with i.v. NTG. 

Methods 

l^al met^M^Q^lobin levels were measured in SO conaec- 
pye patients tref^tedwhhi.v. NTG for at least 48 hours. NTG 

®^ " 609 Mg/ml was infused 
woigh either polyvinyl chloride or pojyethylene-polypro- 
ene Uibing. The infusion rate was controUed by an IMED 
umnetnc mfusion pump. The infusion rate was started at 
50 ^mia and increased as tolerated at 26- to BO-ue/aua 
■g^ ^ta to contrt l angina pectoris.^ Topical, oral and 

iSSu^SSSI? ^^.^1 Department of MadlcJna, Norttnmstein 
■^wqfMMoicai sdKwl. end llie Departments ot Nurelna and Phar- 
«?!r^]!!f2^ Mwnorial Hospftal. Chicago. Illln Is, Manuscript 
«a Aprfl26, 1984; revised manuscript received Auoust 31 19B4 
Died September 4, 1984. 
wJ?®^ ^ reprints: Kerry Kaplan, MD. Wesley— 828. 251 Eaot 
Jicaso Avenue, Chicago. Illinois 60811. 



^evated (>1 % ) levels pn at least 1 measur ment 

2 '!r^.f' ? determinations were between 

it^JT^SST ^ abnonnal ieveteln the 
dose of Lv. WTG (mean infusion rate 244 ± 16 vs 351 
a aflVj ^""""'aWve dose 1.612 ± 153 vs 

function and arterial oxygen saturation w r not 
ciut'tSJiS'^.S^ In conclusion, dlni. 

3 h I*.' ™T.'"f**'*?^'*»'''"«'"'a uncommon 
wlthLv. NTG Infusion; however, when iarg doses 

01 NTG are administered, this complication Is mor 

'*®'y- (Am J Cardloi 1985;55:iai-183) 



subungual nitratee were administered as ordered by the at- 
tending physician. 

KT^'i*' samples were obtained 48 to 72 hours after 
JNTG admmistration was initiated and repeated at 24- to 
72-hour rnter^ during the duration of the infusion. Samples 
were Mllected m heparinized syringes and phieed on ice for 
immediate transport to the blood gas laboratory, where they 
were analyzed on an IL 282 coorimeter for meth moglobin 
expressed as percent (to the nearest whole number) of total 
P«™ot in the oxidized or methemoglobin 

H«ulte are expressed as mean ± standard raror of the mean 
Standard t tests were used to compare groups. 

Results 

The 60 patients in the study group included 26 men 
and 24 women, average age 63.6 ± 1,4 years. The indi- 
foS^f V '^'^ unstable angina in 11 pati nts 

(22%; sad angina after myocardial infarction in 39 pa- 
tients (78%). Intravenous NTG was administered con- 
tmuously for a mean of 7.1 ± 0.5 days (range 1 to 30). 
me mean i.v. NTG infusion rate was 290 ± 13 ug/min 
(range 30 to 1,000) or 4.1 ± 0.2 Mg/kg/min (range 0,4 to 
L^.b). in addition, 43 patients were receiving NTG 
omtment at a mean daily dosage of 18.0 ± 1.6 inches and 
33 patients were receiving isosorbide dinitrate in a mean 
total oral dose of 299 ± 40 mg/day. 

EXHIBIT 
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TABLE i Pallant CharaeterMics 



MeUiemoglobIn 



Ago (yr) 
Weight (kg) 
CreeXitilnB (mg/dl) 
Blood uroa nttrooen (mg/dl) 
Afk phos (mU/ml) 
Toul birtnjblft (mg/dl) 
PaOa (Torr) 

O2 saturatJon{%) 



(0-1%) 
(n-78) 


(2-5%) 
(n = 63) 


p Value 


e4±i 


65 i: 1 


NS 


76 i 2 


73 i 1 


N$ 


1.2 i 0.1 


1.4 ±0.1 


<0.08 


19 ± 0.9 


20 ± 1.5 


NS 


96^3 


105 ±0 


NS 


0.6 ± 0.04 


0.4 i 0.04 


NS 


74 ±2 


77 ±2 


NS 


94;^ 1 


93 i1 


NS 



Afk phos « alkaline phosphatase; NS 
oxygen partial pressure. 



E not filgnlffcant; PaOj ~ 



A total of 141 arterial samples were analyzed for 
znethemoglobin. The mean methemoglobin level for 
these aamplefi was 1.57 ± 0.08%, which is higher than the 
mean normal value for our laboratory^ 0.44 ± 0.01%.'^ 
Abnormal methemoglobin levels are defined as more 
than 1%, which is the mean plus 2 standard deviations. 
Twenty patients had abnormal methemoglobin levels 
on at least 1 determination, but in no instance could 
clinical manifestations be attributed to this finding. 
Methemoglobin levels ranged from 0 to 5% of total 
hemoglobin (Fig, 1). Seventy-eight of the 141 samples 
were 0 or 1% and 63 determinations were between 2 
and S%. 

In an attempt to identify the factors involved in the 
development of elevated methemoglobin, all blood 
samples were classified as having normal (£1%) or ab- 
normal 01%) methemoglobin levels. The patients 



MetHgb Levels 
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FIGURE 1. The min)ber of samples for each arterial methemogfobln 
(MfltHgb) lev t. The samples are divided Into normal (0 to 1 %) and 
abnormal (21 5%)valu s. 
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TABLE U NItrale Therapy 



Methemoglobin 



(0-1%) 



(2-5%) pvalii 



fVNTGMg^mln 244 ±16 

Md^g/mln 3.2 ± 0.2 

days £.1i;0.3 

mg (cumulatlvd dose) 1,612^ 153 

NTG ointment (Inchea/day) 1 7 ± 1 

Isosorbklg dlnltrate (fftg/day) 205 ± 24 



351 ±17 <0.00 
5,0 ±0.3 <0.00 
9.7 ± 1.0 <0.00 
3,39fid;308 <0.00 
20 ± 1 NS 
305 ^ 33 NS) 



NS - not significant; NTG = nitroglycerin. 

■ I 

whose samples had normal methemoglobin levels we^ 
compared with those whose samiples had abnonne 
methemoglobin levels. Age» weighty renal and hepati 
function teste, and arterial oxygen saturation were 
significantly different between the 2 groups (Table I) 
However, the L v. NTG therapy at the time of aamplioj 
was different between the groups (Table II). The meai 
i.v. NTG infusion rate in patients with a norma 
methemoglobin level was 244 ± 16 ^g/min, and that ix 
patients with an elevated methemoglobin level was 361 
± 17 Mg/min. The dose expressed in /ig/kg/min was else 
significantly different. The duration of the Lv. NTG 
infusion was significantly longer in patients with ab- 
normal methemoglobin levels, 9.7 ± 1,0 vs 5,1 ± Oi 
days. Predictably, the patients with elevated methe^ 
moglobin levels had a significantly greater total cumu^ 
lative i.v. NTG dose (3.398 ± 308 mg) than those with 
normal levels (1,612 ± 163 mg). When the doses of NTGj 
ointment or isosorbide dinitrate are compared, there is 
no significant difference between groups. f 

As the total cumulative dose of i.v. NTG increases; 
so does the percentage of samples with abnormal! 
methemoglobin values (Fig. 2), For purposes of refer-j 
ence, a patient receiving a continuous infusion of 300 j 
Mg/min of NTG would receive approximately 45PJ 
mg/day. J 

After completion of the data collection for this study, | 
a patient receiving i.v, NTG was foimd, in a routine i 
arterial blood sample, to have a methemoglobin level 6f'i 
12%. No clinical manifestations could be attributed to^ 
this finding- After tapering of the i.v. NTCr dose, thel 
arterial methemoglobin level rapidly returned to 0. A 
determination of the major methemoglobin-reducizigi 
enzyme, NADH ferriqyanide reductase,*^ revealed it to 
be in the normal range (patient 21.4, control 16.3, nor-^ 
mal 19.2 ± 3.8), thus excluding the possibility f a con-| 
genital en^rme deficiency. The elevated methemoglobifl* , 
level in this patient may have been the result of si A; 
multaneoua administration of i.v. NTG and phena20;| 
pyridine (Pyridium*), which is an aniline dye whose tisej 
has been associated with methemoglobinemia.^ 

Uscusslon 

Methemoglobinemia interferes with oxygen delivery^ 
in 2 ways: (1) In the oxidized form, hemoglobin cannot| 
release or take up oxygen,*^ and (2) its presence shifts the| 
.oxyhemoglobin dissociation curve to the left.^ A bluishf 



* NADH (enrlcyantde reductase assays were kindly performftd by C3r.^ 
E, Beutler. Scrlpps Institute. La Jolla, CaNfornta. 
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Memgb vs. Cumulative IVNtg Dose 



50n 



7 <0.00i 
• 3 <0.001 
.0 <0.001 
M <0.00 

i3 NS 



abnorzQals 
id hepatic^ 
1 were not i 
(Table I) I 

The mean , 
a normal^ 
ndthatinl 
el was 361 /| 
.n was alfio 
Lv, NTG^ 
3 with ab- ^ 
5.1 ± 0.3 | 
^ methe- ' 
)tal cumu- 
Jiose with 
esofNTG 
;d, there is : 

increafies, 
abnormal 
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ion of 300 
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1 2. A oomparlson ftolai, cu- 
dose of Intravenous nltro- 
t 0VNtg) recatved and number 
9 nonnal vs abntumal methofnoglobln 
gb) samplos. A modified loga- 
ilc scale used for cumutatlvd (V 
1 dose In order to rnake thd number 
^samples In each range oonnparable. 
} numbora abovo tho bcro refer to 
) percentage of all normal or abnor- 
I samples tn that range of doses. 
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oration of the skin occurs at total methemoglobin 
levels of 1.5 g. When 30% of hemoglobin is present as 
tbethemoglobin, mild fatigue, lethargy, headache and 
^ decrease in exercise tolerance occur. When methe- 
^oglobin levels reach 60%, symptoms of inadequate 
issue oxygenation occur such as dyspnea, coma or 
mvulsions. The lethal level of methemoglobin in hu- 
MDS is above 70%. However, the additive effects of 
jeoesistent anemia, hypoxemia and decreased cardiac 
Wput must also be considered and in these circum- 
patients could become symptomatic at lower 

vels. 

The metabolism of NTG occurs both in the liver and 
.|:at various peripheral sites, where it is metabolized by 
l^a glutathione reductase, resulting in the formation of 

f a nitrite-^^ Nitrites convert oxyhemoglobin to methe- 
pioglobinA^^ 

t Oxyhemoglobin and methemoglobin normally occur 
J. in equilibrium in the body in a ratio of 99 to 1. This ratio 
11 may be altered by agents that increase the rate of oxi- 
;^ dation (nitrates, sulfonamides, aniline dye derivatives) 
f or in patients that are deficient in the enzyme necessaiy 
l^for reducing methemoglobin.^'^^'^^ 

Although NTG-induced methemoglobinemia has 
been reported^ ^'^ the incidence and significance of this 
Ending has been questioned in patients receiving clin- 
ly effective doses of nitrates. The results from 
[pur study suggest that clinically significant methemo- 
'obinemia is rare when the usual doses of Lv, NTG are 
used. Patients who receive i,v, NTG have higher than 
l&ormal arterial methemoglobin levels, and these levels 
"are positively correlated with tHe amount of Lv, NTG 
[received; however, none of our patients had levels that 
Wproached those necessary to cause symptoms. Nev- 



ertheless, the development of abnormally elevated 
methemoglobin levels can reduce oxygen-carrying ca- 
pacity and, thus, potentially precipitate or aggravate 
tissue ischemia. 

In conclusion, clinically significant methemoglobin 
nemia associated with i.v. NTG administration is un- 
common; however, it should be considered when large 
amounts of NTG are administered, especially in asso- 
ciation with other oxidizing ag^ents. 

1, Gibson Qft» Mumor JB, Raobo OS Jr, Dto{o»07 OU VtHoman Moths- 
mogloblnemla raoduoed by hlgS^lose Intravonous nKranllyOBrtn. Ann Intern 
Med 1982;96:615-616, 

2, CSarohfiO J8p Botdund RE. Methemogloblnomta from overdose of nftro- 

?lycsrln. JAMA 1980:244:330, 
Ibuoh EE, Codl WT, Rood MiCL MBthomraloblnemlB aosootated wKh or- 
ganic nfirate tharapy. Anesth Aneig 1978;58:521-623. 
4. Ptnch Mflihamogloblnemla and sutrharnogloblnamla. N EmI J Mod 

1948:239:470-478. 
5- noHift9RC,RcugMraFJW,Th3 effect Of malhsmng^^ 

between oxygen and hamoglobln. Am J Phy&tol 1842;137:66^B. 

6. Kaplan K, Dovteon R. Paifeer Prxy&yioR J, TooaBrdon JR, Loocti W. 
Intrsvonous nttrogtyosrln for fhs baataTtant of angina at rost uftfoamnsh^ 
to standa/d nHrata thvopy, Am J Cctrdlol 19B3;51:&94-&98: 

7. ShBBfroBA,CoiwRaHertteenRa,Wbt3C;Kovc^ 

tevols In ths pattern populstlon o? m acuta gsneral hospital. Intensive Cm 
Med 1962:8:295-297. 

8. Board PC. NADH lerrlcyanldQ foductaso, A oonvonlenl approach to tfta 
evaluation of NAOH mattm n no ytobln reductase In hiffnan 6«ythrocytea. Clin 
Chem Acta 1981:109:233-2^. 

8. CSfOon gP, ja mmorman RC, QwoM WM, Colchan DP, Phanaiopyridlne 
hydrochlorids toxtolty: acaiAaof dmg-lnduoedrnsdtamefltoblftcmla JAGS' 
1979:8:426-431. 

10. CunyS.M0tharitoslobln9mla. Ann EmergEited 1982:11:21^221. 

11. Neodoman p, Onganlc nltrats nstabollam. Annu Fiov Phanroool Toxiool 
19>9;ie:81-93, 

12. Stotoon 4^ mtravenoua ntoofllycertn: o rovlo\». Irt Anesthsetol Clin 
1978:16:261*298. 

13. JqHo ER. Mflfthaamogloblnaamta. CUn Haematol 1081;10:99-122. 

14. ^UUl^RP^^^on C3V, Dru0.^ndueod mdthamogloblnamla. 6«nln Hematol 

15. TuoCcor R. NIboglycerin dosage and polyethylene tubing. Ann Intern Med 
1 982 '8 7'6 1 9 

16. Huouffl B, Ltodefaurg T, Jeooboon E. Mothaemogtobln (ormatlon after nl- 
trogtycarfn tnfusloa Br J Anassth 1982;54:571. 




